We examine factors that explain consumer spending on tap water substitutes using information from a national survey undertaken with a representative set of Canadian respondents. We develop a model to predict the percentage of households that undertake such spending for the purpose of reducing perceived health risks from tap water consumption. Using results from the model we estimate the magnitude of defensive expenditures to be over half a billion dollars (2010 US$) per year for Canada, as a whole. This is equivalent to approximately $48 per household per year or about $19 per person per year. Residents of Ontario, the province in which an Escherichia coli incident took place in 2000, have the highest willingness-to-pay of approximately $60 per household per year.
INTRODUCTION
Safe drinking water is every Canadian's expectation. Until 11 years ago, a majority of Canadians believed that consumption of tap water did not cause health problems (Auslander & Langlois ; Levallois et al. ) . This belief was challenged by two events early in the first decade of the new millennium. First, in April 2000 the presence of Escherichia coli O157:H7 in the tap water of Walkerton, a rural community in the province of Ontario, ultimately led to seven deaths and illness for over 4,000 people (Livernois ) . A year later Cryptosporidium in the tap water of North Battleford, Saskatchewan caused many illnesses but no fatalities. A position paper from the Canadian Council of Ministers of the Environment (CCME) called for a concerted 'source to tap' approach in order to prevent tap water contamination through the adoption of multiple barriers for contaminants (CCME ). Nonetheless, drinking water quality problems continued to plague many parts of Canada. While their severity never reached the level of Walkerton or North Battleford, they have been serious enough for local public health authorities to issue a large number of boil water advisoriesrecommendations made to the public about the advisability of boiling tap water prior to drinking (Health Canada )for communities across Canada. Eggertson () reports that, as of March 31, 2008, there were 1,766 boilwater advisories and that Ontario had the highest number (679).
Better management of water sources to ensure quality tap water is an important goal for governments to pursue, however, some citizens may view these actions as insufficient in either scope or timeliness. Over the past decade the number of Canadians who have chosen to use home water filtration devices with their tap water and/or to drink bottled water in place of tap water has increased. Thirty percent of respondents in a 2007 Federal Government sponsored survey say that bottled water is their primary source of drinking water while more than half say that they treat their home tap water with some kind of filtration device prior to drinking it (Statistics Canada ). Such behaviour is not solely a However, the hypothetical nature of such scenarios has been criticized (Diamond & Hausman ) .
The majority of the literature on the valuation of health benefits associated with water quality has adopted the first or revealed preferences approach identified as either defensive behaviour or averting behaviour, although some authors noted that this may not be defensive behaviour finds that those who believe that water has made them ill in the past is a key factor in predicting perceived health risks. Janmaat (b) uses the data to estimate a model to explain whether households engage in some form of water treatment. Respondents who perceive a worsening of water quality are significantly more likely to treat, however, more highly educated individuals are significantly less likely to undertake defensive actions. The average annual per household savings in defensive expenditures associated with a small improvement in water quality for those on municipally supplied systems is calculated to be approximately $20.
As the preceding discussion highlights, there is repeated evidence in the literature over the last twenty years that some people hold strong beliefs that their tap water may represent a risk to their health. Further, there are fairly widespread beliefs that the purchase of tap water substitutes such as bottled water or home filtered water may reduce these personal health risks. It is tempting to view these values directly as measuring health benefits that consumer could obtain if they had greater confidence in their publically supplied water and did not feel the need to spend on tap water substitutes. There are two opposing views on this matter. On the one hand, Courant & Porter () argue that the values obtained from these revealed preference types of actions do not include the amount of money that individuals would be willing to pay to avoid pain associ- Respondents were asked to provide information about the percentage of water consumed at home from each of three sources: water directly from the tap, bottled water, and tap water that is treated with some type of home filtration device prior to use. We classify each respondent's household as consuming primarily direct tap water, bottled water, or home filtered tap water if the household's consumption is 75% or more of one type. Table 1 reveals that a majority of households drink tap water that has been filtered with some type of home filtration systemeither a container style (water pitcher or jug that has a removable filter) or an on-tap filtration device. In addition, a substantial numbermore than one in ten householdsuse bottled water as their primary source of drinking water. This value is lower than the one of 33% reported by Statistics Canada () in their survey undertaken in 2007; however, the difference may lie in the meaning of 'primary use'. Statistics Canada does not define primary in their survey, so their measure may include respondents who consume between 51 and 100% of their drinking water from bottled water. Our choice of 75% or more consumption to define primary usage is in accordance with other literature that looks at tap water choices (Jones et al.
). However, since respondents in our sample specify exact percentages of water choices consumed, we note that 18% of households in our sample consume bottled water according to a definition of 50% or more.
Respondents who answer that they filter their tap water are also asked a series of questions about the type of system Finally, socio-demographic information is collected from respondents. As Table 1 shows our sample is representative of the Canadian population according to the 2001 Census of Canada. The only socio-demographic variable for which we observe a difference between the Census and our sample population is the percentage of people educated Two aspects about the data are noteworthy. First, twothirds of households undertake spending on one or other of tap water substitutes in order to supply the majority of their drinking water needs. Our data provide estimates of the magnitude of this spending on a per household basis. In order to obtain Canada-wide estimates of defensive spending to obtain better quality drinking water, we can use the number of households in the sample who make these expen- Step one requires that we determine the proportion of households who are predicted to be undertaking the two types of defensive spending (bottled water purchases and home fil- (Greene ) . We are interested in identifying those factors (F ) that lead a household (i) to make a single choice ( j) from more than two mutually exclusive alternatives (where J is the set of alternatives;
this is three in our case). In Equation (1) we define the probability (π ij ) of household i choosing alternative j. Given socio-demographic characteristics and other key explanatory factors, each household is assumed to choose the most desired alternative from amongst the three alternatives.
Explanatory factors are represented by the vector, F, with corresponding coefficients to be estimated, α's.
The previous literature guides our choices of which factors to include in our vector, F. In addition to conditioning household water choices on socio-demographic factors in the vector F, we also include a variable relating to tap water aesthetics and two variables that may be relevant to households in their assessment of potential health risks associated with tap water. The first variable (POOR TAP AESTHETICS) is defined to be categorical denoting previous tap water experience with four types of events: rusty water, sediments in water, unpleasant smells and unpleasant water taste. We assign the variable a value of 0 if a household indicates that it has had no experience with any of these events in the past year and a value of 1 if a household has experienced any one of these. If the household indicates that it has experienced any two of these events, then it is assigned a value of 2, and so on, up to a possible maximum of 4 for such types of experiences.
In our sample, 49% indicate no experience with any of these events, while 24% have experienced one and 18% have experienced two and 7% have experienced three.
The second variable is intended to measure a house- we restrict attention to households that primarily drink water directly from the tap without personal intervention, only 20% indicate some degree of concern about health risks. This result suggests that individuals who are more concerned take defensive actions to mitigate these risks through the use of bottled and/or home filtered tap water.
The third variable identifies whether there is an objectively measured level of health risk from tap water by identifying whether the household lives in a community that has been subject to a boil water order since the first water contamination incident in 2000. The BOIL WATER ADVISORY variable is binary: a value of 1 indicates that a boil water advisory has been given (19% of respondents) within the past year and a value of 0 indicates the absence of boil water advisories for the community in which the household lives.
The construction of these variables merits discussion.
Aggregation of responses from several variables and/or dichotomization of variables may lead to a loss of detail. However, this must be balanced against the gains of greater degrees of freedom arising from the inclusion of fewer explanatory variables. In each case, our choices are informed by responses obtained from focus group discussions. For example, respondents viewed different kinds of water events (rusty colour, smell and taste events, etc.) as being similar in annoyance level. Thus, we add together the number of these occurrences in order to describe the extent of experiences and to better understand how this might affect water consumption choices. In the case of the subjective health risk variable, we felt it important to be able to distinguish between those individuals for whom tap water posed no health concern and those for whom it posed a health concern. Our focus group discussions suggested that this was an important distinction for making water consumption choices.
In order to estimate the parameters of the model we define the log-likelihood function to be maximized in Equation (2). This is the joint probability distribution of the N household observations in the data, expressed as a function of the parameters (the α's). We use NLOGIT to obtain the parameter estimates that we employ in our second step (Greene ).
where c ij ¼ 1 if individual i chooses alternative j and 0 otherwise.
RESULTS AND DISCUSSION
Actual expenditures on tap water substitutes () consider the useful life of a tap filtration system to be 10 years. This means that the amortized annual cost is 10% of the initial purchase price. To this are added the annual filter replacement costs. Annual spending on this form of in-home filtration system is greater than that of container systems. This is not surprising since these systems require much larger initial purchase prices and filter replacement is also more expensive. Ontario is the province with the largest annual spending per household ($136) while residents of Quebec spend the least ($76).
Model to predict household choices
Results from step one (the empirical model used to predict household proportions) are presented in Tables 3 and 4 . Table 3 provides the estimated coefficients for each of the explanatory variables included in the model of household water choice and Table 4 presents the estimated proportions of households in the sample that are predicted to use the different types of water choices. These predictions are obtained by using estimates from the empirical model. Turning to the results in Table 3 , we note that, since the three water choices are modeled as mutually exclusive for the purposes of this paper and we define the reference choice to be water consumed direct from the tap, the parameters indicate how different factors affect the choice of home filtration or bottled water purchases over direct tap water consumption.
A positive sign means that an increase in the explanatory factor increases the probability of choosing one of the tap water substitutes over the option of using tap water directly. A negative sign decreases this probability. As Table 3 shows, factors leading to a statistically higher probability of a household choosing to be primarily a bottled water drinker include: income, being English-speaking, poor tap aesthetics, subjective health risks held with respect to direct tap water, and the presence of a boil water order in the community. Other factors that have potentially positive impacts include being younger, not having a university education, and not living in a Western province. Similar factors lead to a higher probability of choosing to use home filtration devices, although income is no longer significant.
The results show clearly that households are more likely to either purchase bottled water or use home filtration systems if they feel that their tap water may pose health risks (positive and significant coefficients for subjective risk perception that direct tap water poses a health risk). In addition, households in communities that have been subject to boil water orders are also more likely to respond by being bottled water users. Both findings suggest that money spent on these tap water substitutes can be viewed as defensive expenditures undertaken in order to reduce the perceived health risk from consuming tap water; as such, they could be used to measure the amount of health benefits that respondents believe they may gain from having made these choices. The results also show that consumers who are not satisfied with some of the aesthetics of tap water, such as unpleasant smell and/or taste, are also more likely to purchase bottled water and filter their tap water. This means that some portion of the money spent on these choices may be for purposes other than that of protecting one's health and we need to adjust observed spending to remove this component.
We modify an adjustment approach suggested by Abrahams et al. () to determine the proportion of observed spending on bottled water and/or home filtration that is not related to tap water aesthetics and, therefore, can be attributed to motivations related to defensive behaviour.
We do so in order to avoid making an over-estimate of the potential health benefits that might be used in infrastructure decision-making (Provins ) . The approach first establishes the predicted status quo proportions of primarily bottled and/or home filtered water household users. We use the estimated parameters from Table 3 with This adjustment process removes the aesthetics quality differential between tap water and the other choices, so the adjusted proportions indicate only the defensive rationale for choosing either bottled or filtered water in preference to tap water. choose to be direct tap water drinkers. These predicted status quo proportions are very close to the observed proportions in the sample, as noted above. Therefore, we have confidence in the ability of the model to predict the adjusted proportions. Table 4 also provides detail on the predicted status quo proportions by region. In particular, Ontario is predicted to have the highest proportion of households that use home filtration devices (60.42%), as well as the highest proportion of primarily bottled water using households. Given that the Walkerton E. coli incident took place in the province of Ontario, these results are not
surprising. Table 4 also shows the predicted adjusted proportions.
They are calculated using average values for all explanatory variables as before but assuming that tap water aesthetics are of the highest quality. If households spend on bottled water and/or home filtered water for reasons related to both health concerns and those related to aesthetics, then under this set of improved water aesthetics conditions our model should predict reductions in the proportions of households spending on bottled and/or filtered water and an increase in the proportion of households consuming tap water as their primary source. This is indeed what we observe in Table 4 . The adjusted proportions of households that would choose tap water is predicted to rise to 38% for Canada, as a whole, and to 32% for residents of Ontario.
The adjusted proportion of households across Canada predicted to purchase bottled water primarily falls to 8% and to 10% for Ontario residents. Similar results are observed regarding predicted reductions in proportions of households consuming home filtered water primarily.
Calculation of defensive expenditures
Our second and final step for obtaining estimates of the magnitude of defensive expenditures takes average expenditures on bottled and home filtered water per household from Table 2 and uses them with the adjusted proportions of households spending for defensive purposes from Table 4 .
In order to aggregate up to the Canadian population we use data on the number of households in Canada and of the entire number of households in that region have expenditures related to this type of defensive behaviour. In summary, the total proportion of Western households using one of the two types of home filtration devices is 58%, split between 13% using on-tap and 45% using containers. We repeat this approach using each region's observed split of container versus on-tap filtration proportions applied to that region's proportions of households choosing to be primarily users of home filtration devices.
Having constructed estimates for each of the three types of defensive expenditures that can be made, we add up the Our data and model also allow us to investigate the extent of regional differences in defensive spending. We 
CONCLUSIONS
We examine factors that lead Canadians to undertake defensive spending on tap water substitutes and develop a model to predict the proportions of Canadians who do so for the purposes of reducing perceived health risks from tap water consumption. Our case study results using cross-Canada data with sensitivity to regional differences demonstrates that households are willing to spend significant amounts of money out of their own pockets to obtain water for drinking that they believe to be safer and cleaner than water direct from their tap. We find that the magnitude of these defensive expenditures for Canada, as a whole, is almost $600 million per year. In order to put this into context we look at the most recent data from Environment Canada on typical spending on water supply services from municipal water utilities. water substitutes provides evidence of a strong latent demand for good quality drinking water. This willingness to protect one's health by choosing to spend on tap water substitutes instead of using one's income for other purposes reveals more importantly the value of health benefits that Canadians attribute to having good quality water for drinking purposes.
These efforts that many households are willing to undertake to obtain high quality water for consumption confirm the importance of recommendations given to water utility managers by Means et al. () . He urges them to become better informed about their customers' views on water quality and the types of future water improvements they view as desirable. There are some interesting potential implications for the future of household water delivery and treatment systems. These may include technological changes associated with the delivery of different qualities of water to households in the future, as is currently done with dual reticulation systems in a number of communities in Australia and the USA.
The evidence provided in this paper on the magnitude of expenditures that Canadians are willing to make in order to have access to what they consider to be better, safer water can also be an important input into informed public sector decision-making regarding the timing and location of water infrastructure upgrades. A recent report for OFWAT (the United Kingdom Water Services Regulation Authority that regulates water services providers) recommends companies to '… consider the use of averting behaviour surveys to understand better the substitution and mitigation actions customers take …' (Provins , p. iii). The amount of investment money that the Canadian Water and Wastewater Association estimated more than a decade ago for water treatment systems infrastructure needs alone over the period 1997-2012 was just over $2 billion per year (CWWA ). Given the public sector's constrained capital budgets, it seems timely that greater use of the types of evidence estimated in this paper relating to consumer values be applied to future investment and infrastructure decisionmaking.
